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Worst case approach for stochastic dependencies

[Meilijson & Nadas ‘79, Klein-Haneveld '86]

Consider expected tardiness
]E:Q[(Cmax - f)+] — IEQ[maX{U, Cmax - l‘}]

of makespan C,,,, in the worst case, i.e.

$(t) = supgy Eg[(Cmax — 1) ']

ranges over all joint distributions with the given
job processing time distributions as marginals

Properties of expected tardiness

Eq[(X —1t)"]
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Eq[(X —t)™] is piecewise linear and convex

for discrete random variables X
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The stochastic ordering in the convex sense
P is stochastically smaller than Q in the convex sense if
P<.Q<« [fdP < [ fdQ
for all monoton convex functions f : R! — R!
e E[(X—t)"] <E[(Y—1t)"] forallt if X, Y are real-valued
random variables with distributions P, O, respectively
1 S—
distribution functions may cross
0
Properties of ¢(t) = supqEq[(Cmax — )]
() (8.1 THEOREM
slope -1 convex, decreasing
to left of ¢, to right of t,
: t .
3t / Mdaruw&a-l— O‘E @

P(t) =ming,, 3 VE[(X; —x;) 7]

such that Ciax(x1,...,.0) < 1

special convex separable optimization problem




Proof of bounding property

Consider chain C of N and processing time vector x = (x,...,x,)

3 e X -t = DXt zjg(xj-xj)

! <C_ (%) = i(Xj ‘xj) = E(Xj _xi)+
j=1

j=1
EjECXJ'_r qum(X)—f + Ej(Xf_xj)+
(X, -x;)" allCoallx

s(Cmu(x)—r))' + 2

l

mcaxszCXj -t = ..

LX), X=(X,X,)

J
Coan(X) =1 5(Cpe (0 =1)" + 3% -x)
y >0
(Cow(X)=1)" = for all x
J
EQ[ ] = EQ[ .
! —(Con () —1) + EJEQ[(XJ._I}.Y] for all x, Q
Eo|(Coan (¥)-1) | = hlf{{Cmax(x)—r)+ + EJEQ[(XJ,-XJ]}
U optimiz;fian problem
._SIQPEQ[(C"‘“{X)_IY]. . independcnton
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Solving the convex optimization problem

[]D(t) — min(x_l _____ }f”) Z}[IE[(X_} — xj')+]JSUCh that Cnr;.x(XhH-,-xn) <t
[

b piecewise linear, convex, decreasing function ﬁx_,-) for every
job j in objective

Ep[(X —1)*]
b Interprete f(x;) as cost for excecuting

job j with processing time x;

. . — r 'HMS (%LQIDUQ{‘G(."‘MI—,
» Side constraints: — o ;
Find processing times x; that time-cost ds b o
© minimize the total cost tra‘:c’ﬁ fiee cost fraokeo]
ropliem
© do not exceed the deadline f P prolle
on the makespan |
v
See § 17




Time-cost tradeoff problems

» classical network problem

» is the dual of a min-cost-flow problem for fixed ¢
[Fulkerson '61]

» can be solved parametrically in t by a sequence of max-flow

problems

[Kelley '61]

» very efficient in practice

Compatibility with incomplete information

Incomplete information about X; [Cipra 78, Zackova ‘66]
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These uniform distributions are larger in the convex sense
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